A spectrophotometer is the basic measuring equipment essential to most research activity fields requiring samples to be measured, such as physics, biotechnology and food engineering. This paper proposes a system that is able to detect sample concentration and color information by using LED and color sensor. Purity and wavelength information can be detected by CIE diagram, and the concentration can be estimated with purity information. This method is more economical and efficient than existing spectrophotometry, and can also be used by ordinary persons. This contribution is applicable to a number of fields because it can be used as a colorimeter to detect the wavelength and purity of samples.
Introduction
Due to recent advances in science and technology, the detection of specimen color or wavelength using a spectrophotometer, colorimeter, or turbidimeter is frequently used in most laboratories and hospitals [1] [2] [3] [4] . The color measuring tool is the basic measuring equipment essential to most research activity fields, such as physics, biotechnology and food engineering [5] [6] [7] [8] [9] . The soluble solid content, oil content, acidity, and other physiological properties of various fruits and vegetables have been detected in food industry [10] . Cell viability was tested with a colorimetric method using a reductive coloring reagent such as tetrazoliumsalt, alamarBlue and PrestoBlue in biotechnology [11, 12] . Spectrometry can be used in the analysis of pollutants in water and the ocean by measuring the Chemical Oxygen Demand (COD) of organic matter using hydrogen peroxide (H2O2) and potassium permanganate (KMnO4) [13, 14] . Spectrophotometry has also been used to evaluate interactions between antimicrobial membrane peptides and lipid bilayers [15] . Other optical methods to detect bioparticles have reported with the use of a microfluidic device and UV absorbance [16] .
A spectrophotometer sorts incident light by wavelength and compares the brightness of light [17] . However, spectrophotometry has disadvantages in that the equipment is expensive and large, and an expert is required to analyze the resulting data. Additionally, a spectrophotometer cannot verify measurement errors and is not suitable for an experiment that continuously measures the change of signal over time [18, 19] . As a method to replace the function of spectrophotometer, a colorimeter can measure the absorption of specific wavelengths of light by comparing a sample with the absorption of a standard color. However, this method requires information on the standard color to be measured, is highly affected by the external environment, and demonstrates low resolution [20] . As the importance of spectrophotometry increases, research on miniature spectrophotometers has been conducted, but miniature spectrophotometry has several disadvantages: it must reduce the number of optical filters, and is sensitive to interference, causing performance to deteriorate [21, 22] . As described above, most color information is obtained by using spectrophotometry and colorimeter, but is limited for use by non-professionals. Therefore, this paper investigated how to obtain optical color information of a sample using photodiode. A system that can quantify optical information (e.g., wavelength, purity) of a sample was built. Results indicate that the proposed system can detect discoloration and even slight differences in color among samples. Because color information can be obtained only in the presence of a light source and photodiode, the system can be designed for small volume samples due to the simplicity of the setup as compared to traditional spectrophotometry. This system is a non-contact measurement method and can obtain color information without contamination or loss of sample volume. This study applies to fields requiring the measurement of physiological properties of fruit or meat, the testing of cell viability, and the detection of pollutants or particles. Figure 1 shows the wavelength region of visible light detected by photoreceptor cells. The CIE (Commission Internationale de l'Eclairage) diagram is a standard colorimetric system based on the wavelength region shown in Figure 1 and generally referred to as the XYZ colorimetric system. The standard chromaticity determined by this method is referred to as CIE 1931 xy chromaticity. CIE 1931 is primarily used for scientific technology and in the creation of dye or the mixing of paints. Figure 2 shows the CIE chromaticity diagram used in this study. An important color space, defined by the Commission Internationale de l'Eclairage, is designated as the CIE XYZ color space. RGB values were obtained with an array of the color sensor using a LabVIEW computer program. These values were input into the mathematical formula to obtain coordinate color values in CIE color space. Subsequently, the distance from the coordinate value to a spectrum line could ultimately detect the wavelength and purity value of a color. For example, the purity value of the coordinate situated at the spectrum line in the color space is 100%. As the point A is close to point E (white), the purity value is decreased and can be calculated as the ratio of EA/EB [23] . Conversion of RGB to XYZ takes the form of a simple matrix transformation. Chromaticity coordinates x and y are obtained from the values X, Y, and Z as described in Eq. (2). The CIE XYZ color space was deliberately designed so that the Y parameter was a measure of the brightness or luminance of a color. The chromaticity of a color can then be specified by the two derived parameters x and y, two of the three normalized values which are functions of all three tristimulus values X, Y, and Z [24] .
Materials and methods

CIE diagram
(1) (2) Figure 3 illustrates the experimental setup configuration. The experimental setup was composed of a white LED (Light-Emitting Diode), self-developed cuvette, and optical receiver. The white LED served as the light source, as LEDs offer more stability, reliability, longer life, and smaller size than other light sources. The light generated by LED is incident on the photodiode through the sample in an acrylic transparent cuvette. The produced sample concentrations (mass concentration [g/g]) ranged from 0.05 to 0.25%. General water paint was used to create samples, and the information of the light incident on the photodiode was calculated with LabVIEW software and converted into color coordinates. Figure 4 shows the structure of the color sensor and LED used in the experiment. In order to measure color information, a white LED was used as the light source. LEDs offer the advantages of low power consumption, a high efficient product and low cost. The color sensor used in the experiment to configure the LED spectrophotometer was a TCS3200 (TAOS, USA) and converts the light signal into a digital value. In this sensor, photodiodes are arranged in an array form and optical filters (red, green, and blue) are attached to each photodiode. The passing ranges of the optical filters are 580 nm-680 nm, 450 nm-610 nm, and 380 nm-580 nm for red, green, and blue filters, respectively. It is composed of 12 photodiodes; the light signal entered into a photodiode, and is converted into a digital signal. Next, the digital value output from the sensor shows a value between 0 and 255, the values representing black to white, respectively. The value and color coordinates can be calculated by applying these numerical values to Eqs. (1) and (2), and thus the wavelength and purity values can be detected. Figure 5 illustrates the schematic diagram of the experimental procedures. The white LED produces light, and the color intensity is detected by the color sensor (TCS3200). Using chromaticity coordinates (see Eqs. (1) and (2)), the wavelength and purity can be obtained using LabVIEW computer software. Figure 6 demonstrates the results of connecting color coordinates of red, green, blue, yellow, and violet with the spectrum line the concentration of the sample is 0.25%. Wavelength information was obtained from the spectrum line, and the purity value from the center was obtained. The wavelength values of red, green, blue, and yellow are 620 nm, 540 nm, 481 nm, and 572 nm, respectively. The wavelength value of purple could not be identified, because the purple line in the CIE diagram does not provide wavelength values. The measured results are consistent with the wavelength values of theoretical visible rays (red band at approximately 600 nm, green band at approximately 500 nm, and blue band at approximately 400 nm). Results demonstrate that wavelength values can be obtained by marking various colors in color coordinates, thus replacing spectrophotometer functionality. Table 1 illustrates the changes in wavelength and purity values according to changes in sample concentration. The movement of color coordinates was observed by changing the concentrations of five colors in five steps, and subsequently detecting wavelength and purity. Changes in color cannot be detected with the naked eye, but the analysis of the experimental data showed that color coordinates Figure 7 demonstrates the results of schematized color coordinates obtained by measuring RGB values in the sensor in the CIE diagram. Imaging data according to color coordinates has the advantages of stronger transmission effects and the use of more familiar information, which is useful in understanding the data. Additionally, it helps to easily identify trends that cannot be identified without visualization. In particular, as shown in Figure 7 , it can be observed that as the concentration changes in various colors, color coordinates move toward the spectrum line (shown in Figure 2 ). This occurs because purity increases as sample concentration increases. Results indicate that trends can be examined and concentration of samples can be observed with color coordinates and purity values, as well as with wavelength as shown in the CIE diagram.
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Conclusion
This study obtained RGB values of samples by using optical elements, and analyzed them according to color coordinates. In particular, RGB information of the sample was analyzed according to color coordinates, and wavelength values and purity values were obtained based on xy values. In addition, a portable system was implemented by creating a system with optical elements and miniaturizing the system, allowing ease of with appropriate software components. The proposed method can replace the function of the spectrophotometer, eliminating the need for expensive equipment. Additionally, data collected over time can be observed and saved using the LabVIEW computer software. The system can measure optical information of the samples regardless of sample type, thus utilizing a nondestructive examination method. This study presents a color information measuring system that can measure the state change and optical information of substances without being constrained by long analysis time and a specific location. These findings are beneficial because it can be used as colorimeter as well as collect absorbance and transmittance measurements.
